Water model experiments in an acrylic resin vessel have been performed to visualize evolution, growth, coalescence, vibration, and clustering of multi-cavitation bubbles in a standing plain wave at the frequency of about 42 kHz by using high-speed camera. Their dynamic behaviors are phenomenologically discussed in relation to the ultrasound field specified. Another experiment has also been carried out to visualize microjets that appeared near around a water/tetralin interface. It was found from the video-camera photos that many microjets were strongly ejected in the random directions from around the interface with a spreading angle. These jets results an intensified micro-and macromixing of liquids.
Introduction
Acoustically induced cavitation phenomena in a liquid can lead to an innovation of material processing operation by providing us with the effective means to control interfacial phenomena as well as micro-and macro-mixing of liquids [1, 2] . However, the cavitation phenomena are in their nature random ones even under a plain standing wave. To develop key technologies to utilize cavitation phenomena inevitably demands us a better understanding of dynamic behaviors of multi-bubble cavitation and microjets followed. Few attempts have been made to study the dynamic behavior of cavitation bubbles. Lauterborn et al. [3, 4] investigated the dynamics of cavitation bubbles in liquids with high-speed photography. They clearly showed single bubble dynamics and filamentary structures of cavitation bubbles that breeze in the rhythm of a driving frequency. However, expected "violent processes" which should take place in the collapse of the bubbles are still unclear.
In this study, dynamic behaviors of multi-cavitation bubbles and microjets have been visualized by a high-speed video camera and the results are investigated phenomenologically.
Experimental setup
The experimental setup is shown in Fig.1 . A sinusoidal signal was generated and amplified using function generator and power amplifier respectively. The electric output was fed to a bolted Langevine-type transducer to irradiate ultrasound into an acrylic resin vessel. The vessel was filled with water at a room temperature to a resonance depth. Dynamic behaviors of multi-cavitation bubbles and microjets in the vessel were observed by a high-speed digital camera. Furthermore, the microjets accompanied by emulsified vortex motions around the interface of two liquid phases were visualized in a test tube that was filled with tetralin (upper phase) and water (lower phase). The test tube was inserted in the water bath in the acrylic resin vessel. The microjets limitedly ejected around the interface near a sound node allowed us to visualize them. 
Results and discussion

Motions of clustered multi-cavitation bubbles and microjets in highly degassed liquid
A typical selection of visualized dynamic behaviors of multicavitation bubbles is shown in Fig.2 . The acrylic resin vessel was filled with distilled water .The imposed frequency is 42.6 kHz, the ultrasonic power (U.S.P) 60 W, and the water depth 70 mm. The frame size is of 30 by 30 mm and the shutter speed is 1/1000 s. The multi-bubbles were initially generated in a form of fine white mist which was distributing around loops (antinodes) of an established standing wave. After an elapse of time, limited numbers of clustered bubbles evolved and linearly moved in random directions. Each cluster should arise from an intense microjet that was generated by the collapse of several cavitating bubbles. The clustered bubbles finally disappeared after their travelling to the place where the sound pressure and the travelling speed were both decreased. The average velocities of the clustered multi-bubbles were estimated to range from 0.2 to 0.8 m/s. Figure 3 shows transitional generation, growth and motion of cavitation bubbles that were recorded by the high-speed camera at a frequency of 42.3 kHz. The acrylic resin vessel was filled with non-distilled water. The frame size of each photo is of 20 by 18 mm, and shutter speed is 1/250 s. Two frames are collated from left to right sequentially and the overall elapse time is within 2.0 s. The horizontally distributed
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bright misty zone around the lower dotted linear line roughly corresponds to the loop of the sound pressure. The multicavitation bubbles coalesce locally to form some tiny bubbles as typically shown as a high-brightness point in a dotted circle in the left photo. The tiny bubbles that grew larger than a resonant bubble are transferred rapidly toward a neighboring (here upper) node of the standing wave presumably by Bjerkness force. A dotted circle in the right-hand side photo shows that the tiny bubbles transferred to the node move with high-speed spiral motion toward a big bubble which is moving around a nodal plane. The spiral motion should be ascribed to the nonlinearity of the sound field. Finally, the tiny bubbles are absorbed into the big bubble. Such phenomena is observed only in non-degassed liquids where the quantity of the dissolved gas is relatively high. 
Motion of microjets around an interface of two liquid phases
Microjets visualized around an interface of two liquid phases are shown in Fig.4 . The driving frequency is 42.3 kHz and U.S.P 15W. The frame size is of 13 by 7.8mm and the shutter speed is 1/500 s. The interface of two liquid phases in the test tube is placed around a node of a standing wave where limited numbers of microjets can be ejected. It can be observed that microjets are linearly ejected from several sites in random directions. They are accompanied by vortex motions of emulsified two liquids. It was found that helix angle is about 20 degrees and the average velocities are estimated to be about 0.4 m/s. The above experimental results reveal that the velocities of clustered multi-bubbles and microjets have the same order and they both move linearly. Thus, both behaviors should stem from the same phenomena. Based on the Bernoulli theorem, hydrodynamic cavity with negative pressure can be generated behind an object which moves at high speed in a fluid [5] . In the cavity, the dissolved gases in water may become bubbles with water vapor to form a cloud. The concentrated gasses that were in equilibrium with extremely high pressure of cavitation bubbles would also join the cloud that is transferred by a microjet after the collapse of the cavitation bubbles. 
Conclusions
In this study, dynamical behaviors of multi-cavitation bubbles and microjets were visualized by high-speed camera. The behaviors of multi-cavitation bubbles and microjets are strongly affected by gasses dissolved and the sound field established. It is expected that the violent motions of cavitation bubbles and microjets could result an intensified micro-and macro-mixing of liquid.
